Summary. Gastrin and insulin levels following protein ingestion were measured in control subjects, in patients with vagotomy and pyloroplasty and in patients with vagotomy, antrectomy and gastroenterostomy. Peak gastrin levels preceded peak insulin levels, but no relationship between gastrin output and insulin output was found. The insulin response in patients with impaired gastrin release was similar to that seen in patients with normal gastrin release. Insulin levels after oral glucose in patients with malignant Zollinger-Ellison syndrome were similar to those in patients after gastrectomy, in spite of marked differences in gastrin level. These studies do not suggest that gastrin stimulates insulin release.
Oral administration of glucose causes a greater rise in plasma immunoreactive insulin (IRI) concentration than intravenous glucose [1] , suggesting that intestinal factors augment the insulin response to the oral stimulus. In man, the intravenous administration of the antral hormone gastrin has been shown both to stimulate insulin release [2, 3] , and to be without effect [4] . The present investigation used radioimmunoassay techniques to study the effect of endogenous gastrin on insulin release in man.
Material and Methods
Eight control patients of normal weight and without clinical evidence of diabetes mellitus were studied. After an overnight fast they were given a standard protein meal of cooked minced meat (25 g protein in 200 ml). Peripheral venous samples for hormone assay were taken from a catheter placed in a forearm vein at 0, 15, 30, 45, 60, 90 and 120 min after protein ingestion. The plasma was separated and stored at --20~ until assayed. Estimates of the gastrin response were made by measurement of the area under the gastrin curve and above the projected basal [5] . The insulin response was assessed in a similar manner.
Ten patients were studied following surgery for chronic duodenal ulceration. Seven, aged 46 + 3 (mean + SEM) years were studied following vagotomy and pyloroplasty and three years aged 42 + 7 (mean + SEM), were studied following vagotomy, antrectomy and gastroenterostomy. These patients were given the standard protein meal at least six weeks after surgery.
Three patients (ages 34, 37 and 40) with a malignant Zollinger-Ellison Syndrome were also studied. All had had total gastrectomy. A group of 12 patients with partial gastrectomy for chronic peptic ulceration served as controls. These patients were given 50 g glucose in 200 ml water, by mouth, after an overnight fast. Peripheral venous samples were taken at 0, 15, 30, 60, 90 and 120 rain.
Gastrin levels were measured using a sensitive and specific radioimmunoassay [6] . The assay uses antibody raised in rabbits to synthetic human gastrin I [2--17]. The standard used (Human Type Synthetic 68/4399) was obtained from the Medical Research Council. Synthetic human gastrin I was labelled to high specific activity using a modification of the chloramine T method of Hunter and Greenwood [7] . The separation procedure used dextran coated charcoal [8] . The sensitivity of the assay is 10 pg/ml and cross reactivity with cholecystoskinin/pancreozymin (Mutt) is 1/10,000 on a molar basis. The antibody recognises not only the heptadecapeptide but also 'big' gastrin.
Insulin was measured by a radioimmunoassay using antibody raised against pork insulin. The assay shows identical crossreaction between human insulin (MRC) and pork insulin. A charcoal separation technique was used. The sensitivity of the assay is 1 ~tU/ ml.
Results
The gastrin levels following protein in normal subjects are shown in Table 1 and the insulin levels in Table 2 . The peak gastrin level occurred in the 30 rain sample, whereas the peak insulin level was seen at 45 rain. There was no correlation between the gastrin response and the insulin response (r = 0.42 p>0.1).
The gastrin levels following protein in patients with vagotomy and pyloroplasty and in patients with vagotomy, antrectomy and gastroenterostomy are shown in Fig. 1 . The latter procedure markedly reduced basal gastrin level and virtually abolished the Peak glucose levels in both groups were similar in magnitude and timing suggesting that gastric emptying and glucose absorption in both groups were comparable.
Discussion
In control subjects (following protein), peak gastrin levels preceded peak insulin levels. It is therefore (Fig. 2) . The insulin levels following oral glucose in patients with malignant Zollinger-Ellison Syndrome and in control gastrectomy patients are shown in Fig. 3 . The insulin response in both groups was similar even though there were marked differences in basal gastrin levels. The mean fasting gastrin level in the control group was 34 + 2.7 pg/ml (mean + SEM), whereas gastrin levels in the Zollinger-Ellison patients were grossly elevated, being 3000, 2500 and 1500 pg/ml. possible that gastrin was responsible for the initiation of insulin release. However we found no correlation between the gastrin and insulin response in individual subjects. Following antrectomy, which removes the major source of gastrin and markedly impairs the gastrin response to protein, the insulin response was similar to that seen in patients with an intact antrum. Furthermore, in patients with a malignant Zollinger Ellison Syndrome, with greatly elevated gastrin levels, the insulin response to oral glucose was similar to that seen in gastrectomized subjects. These results suggest that physiological concentrations of gastrin contribute little to the insulin response. Budillon et al. [9] , who studied gastrin and insulin release following oral and intraduodenal stimuli, reached similar conclusions. Rehfeld and Stadil [10] have shown that intravenous administration of gastrin will only stimulate insulin release when administered in doses which result in serum gastrin concentrations above the physiological range. It is possible that this effect is mediated not by a direct action on the B-cell, but through its effect on other gut hormones or on duodenal pH. That gastrin has no direct effect on the B-cell is suggested by the finding that the hormone does not stimulate insulin release from isolated islets [11, 12] . With the isolation and identification of new gut hormones, the list of substances possibly respon- and gastroenterostomy (mean -t-SEM) sible for the greater insulin response to an enterogenous stimulus increases. The problem may only be resolved by the identification of hormone specific receptors on the B-cell membrane.
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